Objective-Depression in older adults is often associated with cognitive abnormalities and may predict later development of a primary cognitive disorder. This double-blind, randomized, placebo-controlled pilot study was designed to assess the safety and efficacy of galantamine augmentation of antidepressant treatment for depressive and cognitive symptoms in older adults with major depression.
INTRODUCTION
Converging lines of evidence suggest a physiological connection between late-life depression (LLD) and Alzheimer's disease (AD) . LLD is often associated with cognitive impairment, which may be severe enough to mimic dementia (McAllister, 1983; Fisman, 1985) , and cognitively impaired LLD patients are at a higher risk for dementia (Alexopoulos et al., 1993; Green et al., 2003) . Clinico-epidemiological studies implicate lifetime major depression as a risk factor for AD (Green et al., 2003; Ownby et al., 2006) , and for some patients depression may be a prodromal symptom of (AD) (Raskind, 1998) . Further, AD patients with a history of depression have more hippocampal plaque and tangle pathology, and more rapid cognitive decline compared to AD patients without a depression history (Rapp et al., 2006) . This appears to be true even among those AD patients not currently in a depressive episode.
Given this apparent link between LLD and AD, it is possible that AD therapies [e.g. acetylcholinesterase inhibitors (AchIs) Erkinjuntti et al., 2004; Birks, 2006) ] may treat cognitive impairment associated with LLD. Use of these therapies might also improve depression by impacting symptom domains such as mood and apathy. Support for this has been mixed, with some studies suggesting that AchIs improve apathy associated with dementia (Edwards et al., 2004; Herrmann et al., 2005; Cummings et al., 2006) , but another trial showing possible worsening of depression with rivastigmine treatment (Frankfort et al., 2006) . Additionally, AchIs have been shown, in vitro, to increase dopamine release, which may be associated with improvements in mood and apathy (Zhang et al., 2004) .
The aim of this pilot study was to test the efficacy of galantamine on cognition and depression severity when added to standard antidepressant therapy for LLD. We hypothesized that individuals receiving six months of galantamine (vs. placebo) would demonstrate greater improvement in global cognitive performance and depressive symptoms.
METHODS

Subjects
Participants were recruited from an outpatient geriatric psychiatry setting between February 2004 and August 2005. Inclusion criteria were: (1) age ≥50 years; (2) current Major Depressive Episode (documented by Structured Clinical Interview for the DSM-IV (SCID-I) (First et al., 1996) and confirmed by clinical interview); (3) able to taper off current antidepressant medications; (4) 17-item Hamilton Depression Rating Scale (HDRS-17) score >17; and (5) normal TSH, B12 and folate levels within the last 12 months or since the start of the depressive episode (whichever was most recent). Exclusion criteria were: (1) dementia or another neurodegenerative disorder (e.g. Parkinson's disease) by clinical diagnosis or suggested by neuropsychological testing; (2) any major psychiatric disorder other than major depression as a primary diagnosis (e.g. bipolar disorder); (3) active psychotic symptoms; (4) unstable medical co-morbidity; (5) current substance abuse or dependence; (6) failure of an adequate trial of venlafaxine XR (defined as a dose ≥150 mg for at least 4 weeks); or (7) previous intolerance to venlafaxine XR.
Procedures
Depression ratings included the 24-item Hamilton Depression Rating Scale (HDRS-24) (Williams, 1988) at baseline and the HDRS-24, Clinical Global Impression-Improvement (CGI-I) and Patient Global Impression-Improvement (PGI-I) scales every 2 weeks for a total of 24 weeks. If the subject demonstrated a therapeutic response (defined as a decrease in the HDRS-24 by ≥50% from baseline on two consecutive ratings), depression scales were subsequently obtained monthly. Treatment-related adverse effects were assessed at each study visit and neuropsychological evaluation (described in detail below) was performed at baseline, 12 weeks and 24 weeks.
At study entry, subjects were tapered off current antidepressant medications. One week (five weeks for fluoxetine) after antidepressant discontinuation, participants completed baseline evaluations. All subjects received venlafaxine XR and were randomized to receive concomitant treatment with either placebo or galantamine using block randomization with two blocks of size 20. Subjects initially received 37.5 mg/day of venlafaxine XR, with an increase to 75 mg/day after 1 week, as tolerated. Participants who showed treatment response (as previously defined) within 3 weeks on 75 mg/day remained at this dose; otherwise, the dose was increased to 150 mg/day after the third week of non-response. After 6 additional weeks on 150 mg/day without therapeutic response, the venlafaxine XR dose was further increased to 225 mg/day. If subjects were not able to tolerate venlafaxine XR, or if they failed to show a positive response after 12 weeks, then venlafaxine XR was tapered, and the subject was started on citalopram. Citalopram was dosed as follows (if tolerated): 10 mg/day in week 1, 20 mg/day in weeks 2-4, 40 mg/day in weeks 5-6, and 60 mg/day in weeks 7-12. As with venlafaxine, the subject's current dose was maintained and not increased if the subject demonstrated an antidepressant response.
Galantamine or placebo was dosed as follows: galantamine 4mg or identical placebo twice daily (8 mg per day) for 1 month, and then galantamine or identical placebo 8mg twice daily (16 mg per day) for the remainder of the study. Subjects, clinicians and raters were blinded to treatment allocation.
Neuropsychological evaluation
At baseline, the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) (Randolph et al., 1998) and Mini Mental State Examination (MMSE) (Folstein et al., 1975) were administered. The RBANS is a 40-min neuropsychological battery that assesses multiple domains of cognitive function, including memory, attention, language, and visuospatial abilities, and has two forms to allow repeated administration over time such that practice effects are minimized with limited impact of practice effects.
Data analyses
This study was designed as a pilot, proof-of-concept study. To determine the effectiveness of randomization, we compared baseline measures between the two groups (placebo vs. galantamine augmentation) using χ 2 and t-tests as appropriate. For analysis of change in depression scores over time, we performed a repeated measures growth curve analysis (an intentto-treat approach) (Pothoff and Roy, 1964) using all available data (baseline, every 2 weeks for 8 weeks, and every 4 weeks for 16 weeks for a total of nine repeated measures over 24 weeks). A similar analysis was used for the RBANS total and subscales, except these included only three repeated measures: baseline, 12 weeks and 24 weeks. These analyses focused on the group by time interaction terms.
RESULTS
All study procedures were approved by the Emory University Institutional Review Board and written informed consent was received from all subjects prior to enrollment in the study. Forty subjects were enrolled. After randomization, but before taking the first dose of study medication, two subjects (one each in the placebo and galantamine groups) were identified as ineligible because of baseline neuropsychological testing consistent with dementia; data from these subjects were not included at any time point. One subject (randomized to placebo) dropped out of the study before taking any study medication and before the baseline assessment. Data from this subject were included for demographic comparisons only. Two additional subjects took at least one dose of the study medication but withdrew from the study prior to any post-baseline assessment. For these subjects, data were included for baseline and safety analyses, but not for efficacy.
Sample characteristics for the 38 included subjects are shown in Table 1 ; baseline comparisons of HDRS-24 and RBANS are available only for the 37 subjects that completed this testing. All subjects were free of antidepressant medication at time of randomization. Subjects randomized to placebo were, on average, older, less educated and more depressed (HDRS-24) than subjects randomized to galantamine. In addition, placebo subjects had poorer cognitive functioning (RBANS total) at baseline; however, when group comparisons were controlled for age, this difference was no longer statistically significant (adjusted F = 0.86, df = 1,34, p = 0.359). Subsequent analyses of RBANS scores were adjusted for age, and HDRS-24 analyses were adjusted for baseline depression severity.
Group-specific analyses showed that both groups had significant improvement in depression over time (Table 2 , time effect). However, change in depression severity did not significantly differ between subjects receiving galantamine or placebo (Table 2, interaction effect). Similarly, both groups showed improvement in cognitive functioning over time, but there was no statistically significant group by time interaction (Table 2; Figure 2 ).
Visual inspection of the time course of change in depression scores (Figure 1) suggested a difference between the galantamine and placebo groups at week 2 of treatment. In a posthoc, exploratory analysis, an ANOVA was performed to test the difference in HDRS-24 score at week 2 between the groups, controlling for baseline HDRS-24 score. Patients receiving galantamine were found to have a significantly lower HDRS-24 score at week 2 compared to patients receiving placebo (F = 4.02, df = 1, 30, p = 0.05); the groups did not differ significantly in HDRS-24 score at any other time point.
Venlafaxine XR dose was lower in subjects randomized to galantamine (mean [SD] for galantamine group = 128.6 [68.5]; mean [SD] for placebo group = 182.1 [56.7]; t = 2.25, df = 26, p = 0.03). Seven patients (four randomized to placebo, three randomized to galantamine) did not tolerate venlafaxine XR and switched to citalopram; citalopram was tolerated in these subjects with a median dose of 20 mg per day for placebo subjects and 40 mg per day for galantamine subjects (Mann-Whitney U = 4.50, p = 0.55). Efficacy results did not change when controlling for antidepressant medication.
Seventeen of 18 subjects randomized to placebo and eleven of 19 subjects randomized to galantamine experienced at least one adverse event (Table 3) . Common adverse events included gastrointestinal distress, headaches, pulse rate changes, sweating and dizziness. Serious adverse events (SAEs) were defined as adverse events that led to hospitalization, permanent disability and/or death. Six subjects experienced SAEs (four placebo, two galantamine). SAEs included hospitalization for Raynaud's phenomenon (one subject randomized to placebo), emphysema (one subject randomized to placebo), chest pain or cardiac abnormality (two subjects, one each randomized to placebo and galantamine), or dehydration (two subjects, one each randomized to placebo and galantamine). No subjects died or acquired permanent disability during the study.
Discontinuation rates were 16% in the placebo group and 53% in the galantamine group at 12 weeks (χ 2 = 7.27, df = 1, p = 0.01), and 32% in the placebo group and 63% in the galantamine group at 24 weeks (χ 2 = 4.66, df = 1, p = 0.03). However, reason for discontinuation (adverse event, inability to adhere to study protocol or lost to follow-up) did not differ between the groups. The primary reason reported for discontinuation was inability to adhere to the study protocol (specifically the follow-up assessment schedule).
DISCUSSION
Acetylcholinesterase inhibitors (AchIs) such as galantamine are well-established for the treatment of Alzheimer's disease (Wilkinson and Murray, 2001) . In patients with dementia, AchIs may have beneficial effects on certain behavioral symptoms (Edwards et al., 2004; Herrmann et al., 2005; Cummings et al., 2006) , though not all studies have been positive (Frankfort et al., 2006) . The use of AchIs in nondementing psychiatric conditions has been suggested (Burt, 2000) , but few studies have been conducted. Donepezil has shown little benefit in improving mood or cognitive symptoms of schizophrenia (Stryjer et al., 2004; Tugal et al., 2004; Risch et al., 2006) or treatment-resistant mania (Eden Evins et al., 2006) . However, the potential use of AchIs in depression-especially late-life depression, which may share a common pathophysiology with AD-has not been investigated.
This pilot study of an AchI in the treatment of depression in non-demented older patients failed to demonstrate a benefit for galantamine augmentation of a standard antidepressant medication in the treatment of either cognitive or depressive symptoms. These data do suggest galantamine augmentation may hasten antidepressant response in LLD patients. Additionally, these data suggest that galantamine augmentation of venlafaxine XR may lead to antidepressant benefit at a lower dose of venlafaxine XR. Clearly, these findings must be interpreted carefully given the exploratory nature of these post-hoc analyses. Dropout from the study was greater in the galantamine augmentation group, though number of adverse events (including serious adverse events) did not differ significantly between the groups. The reason for this differential discontinuation rate is unclear since there was no reason for discontinuation that differed significantly between the groups. Although the inability to assess for adverse events in patients who discontinued and were lost to follow-up may have underestimated the adverse event rate, most patients that discontinued were contacted and the reason for discontinuation was documented. The differential discontinuation rate may have influenced the results of the repeated measures analyses; however, this is unlikely since dropout was random within each group (Little and Rubin, 2002) .
Limitations of this study include small sample size, high drop-out rate (with significantly more subjects in the galantamine augmentation group exiting the study prematurely) and the failure of randomization to result in similar baseline groups. Since both groups received active antidepressant treatment, it is also likely that only a very large effect for galantamine augmentation could have been identified with this design. Additionally, longer follow-up (beyond 6 months) might be needed to identify potential delayed beneficial and/or protective effects of galantamine augmentation on cognition or mood.
Future studies of AchIs in the treatment of depression should consider strategies for limiting dropout (e.g. fewer evaluations) and employ rigorous monitoring of side effects [e.g. using a structured instrument such as the SAFTEE (Levine and Schooler, 1986) ]. Additional studies are needed to more carefully evaluate whether AchI augmentation of antidepressants accelerates antidepressant treatment response. These studies might also include other relevant clinical measures (such as quality of life measures and measures of functional impairment [e.g. performance of IADLs]). Finally, the antidepressant benefits of AchI monotherapy or augmentation could be explored in patients not responding or tolerating standard antidepressant therapy. Table 2 Outcome variables over time (by group) Week 12 (n = 9)
Week 12 (n = 9) group effect time effect group *time effect HDRS-24 30.3 (6.7)
12.3 (7.3) 11.9 (6.9) 26.4 (4.5) 11.0 (6.9) 6. 
